Abstract. The described method allows the determination of velocity and attenuation variations introduced by low frequency alternating stresses and electric fields. Uniaxial stress is produced with a high load piezoelectric actuator and controlled with a strain gauge bridge. A modified impulse echo overlap system with a computer controlled sampling oscilloscope permits the measurement of very small effects. Results for Potassium Dihydrogen Phosphate (KDP) near the phase transition at 123 K are presented and discussed.
INTRODUCTION
We presented a new method for the determination of elastic nonlinear coefficients in two publications [I] , [2] . The aim of the present contribution is to show a further development of the measurement system. The introduction of a hardware interrupt control between sampling oscilloscope and computer allows now the simultaneous measurement of attenuation variations and changes of the velocity. First measurements were performed near the phase transition of KDP at 123 K. Both alternating uniaxial mechanical stresses and alternating electric fields were used to introduce variations of velocity and attenuation.
EXPERIMENTAL
The principle of the mechanical apparatus for the application of uniaxial stresses is described in [2] . The force is generated by an actuator and controlled with a strain gauge bridge attached to the top of the stress apparatus. The ultrasound sample which was exposed to uniaxial stress has a sample length of 10 mm and lateral dimensions of 5 mm to achieve a nearly pure stress state. This apparatus was used for a broad temperature region down to liquid nitrogen. It was placed in liquid nitro en dewar in its vapour phase.
~i e electronic setup is also explained in detail in 121. The ultrasonic pulse method used in this experiment is similar to the method described by Korobov [3] . A computer controlled TTL-pulse generator hp 3324A delivers a signal with a frequency that is approximately one hundred times higher than the inverse transit time between two ultrasound echos and is immediately divided by 100 to reduce phase noise. The master pulse is shaped following a divider 1/100 and has a variable length of approximately 1 ,us. A pulse selector consisting of a variable delay and a TTL gate produces very stable trigger pulses with a distinct delay from the master pulse. The master pulse was used to drive a fast high voltage pulse amplifier with a pulse width of 50 ns. Filters suppress higher harmonics. The impuls echo train from the ultrasound sample with a sound path length of 5 mm is amplified with a band pass high frequency amplifier and reaches a digital sampling oscilloscope MFA 105. This instrument has a fixed gate width of 150 ps and worked in its initial form in a re ime with a minimum fixed delay. The trigger impuls was set to a zero crossing point of one rf echo. b hen the external force or electric field was applied the transit time variation caused a amplitude variation of the oscilloscope output. If the signal amplitude was not dependent from the mechanical stress the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1996895 transit time variation could be recorded.
We take the digital data from the sampling oscilloscope directly from the 12 bit AD converter and hold them in hardware latches. In this way the computer can get the data by polling. The slope of the rf curve can only be found by varying the trigger time via the pulse repetition frequency set by the TTL pulse generator if we use the polling procedure. The modification of the setup to get the slope information directly concerns the data capture and the transfer from the sampling oscilloscope to the computer. The sampling oscilloscope is set into a true repetitive sampling regime. It takes 16 points around a zero crossing of the rf pulse with a time step of 100 ps. Every data capture causes the computer via a hardware interrupt to take the converted data point from the AD-converter. The sine period of 50 ns of the rf pulse is large compared to the scanned zero crossing area. Thus the zero crossing point can be found from the mean of the 16 data points and the slope gives a measure of the attenuation. We used an alternating rectangular voltage of aproximately 70 mHz producing an uniaxial stress of the same shape. The electric field for the second experiment had also rectangular shape and was bipolar. This allows the compensation of drift effects. The signal to noise ratio was enhanced by summation of the captured data.
Two different sample orientations and arrangements were used for the investigation of the uniaxial stress dependence and the influence of an electric field on the sound propagation in KDP.
Uniaxial stress was applied in the [I101 direction in the first experiment. The transverse sound wave propagated in [001] and was polarized perpendicular to the stress in this case. The stress amplitude was nearly constant with an value of about 0.5 MPa.
An electric field in [001]-direction changed the properties of a trakverse sound wave with a polarization along [I101 in the second measurement. The electric field amplitude was varied from 780 V/cm at 180 K down to 7 V/cm near the transition point. It remained low in the ferroelectric phase.
We used quartz transducers of 20 MHz center frequency and attached them to the sample surface with a thin layer of silicon rubber. Both cryostats were cooled in the liquid nitrogen vapour of transport dewars for biological samples with wide diameter. The temperature was controlled with a phase sensitive bridge resistor method. The velocity effect becomes smaller with decreasing temperature but remains higher than in the paraphase. We could also observe a small attenuation dependence from the stress. It was to low for quantitative use but it is shown in Figure 2 like it was measured for the temperature 118.8 K. The results of the electric field experiment are displayed in Figure 3 . The relative velocity change Av/v introduced by the electric field jump AE is nearly zero from 180 K to 140 K and increases near the transition temperature. It follows a Curie-Weiss law. This was found by one of the authors
RESULTS AND DISCUSSION
. This experiment [4] could not be continued to the ferroelectric phase because pulse amplitude changes due to the alternating field disturbed the measurement 131. This problem should be solved with the new digital principle explained in the experimental section of the present paper. Unfortunately we could not find the expected strong dependence. The slope change with electric field was negligible but the velocity change had a irreversible character. The reason may be found taking in account that different KDP samples were used in the different experiments. They could have different defect concentrations, internal fields and domain structures in the ferroelectric phase. Another explanation would be the different experimental conditions. We used in the present experiment rectangular bipolar voltages of 70 mHz frequency to ether with summation for noise reduction contrary to 40 Hz sine voltage and lock in technique in [4 .
Qne measuring curve made at the temperature 91.4 in the ferroelectric phase can be seen in Figure 4 . The field was varied stepwise like in the figure caption written. The nonlinear dependence of the sound velocity variation from the field is perhaps due to domain processes because the applied voltage was below the coercive field of approximately 1 kV/cm [5] .
CONCLUSIONS
The presented improvements of the measuring system for investigations of nonlinear elastic and electromechanical effects in solids allow the simultaneous determination of ultrasound velocity and attenuation variations introduced by low frequency alternating uniaxial stresses and electric fields. Temperature dependent measurements of KDP show a strong increase of the velocity variations near the phase transition. Attenuation variations could be observed in the ferroelectric phase.
